Abstract Menorrhagia is the presenting symptom among the majority of women who undergo hysterectomy. The levonorgestrel intrauterine system (LNG-IUS) is highly effective in reducing menstrual bleeding. The aim of this randomized study was to compare the effect of endometrial resection (ER) as a surgical modality and the LNG-IUS as a hormonal modality for treating menorrhagia. This is a therapeutic, phase III randomized study that included 60 premenopausal women with excessive uterine bleeding. The patients were randomly allocated to two treatment groups -LNG-IUS or endometrial resection (ER). Uterine bleeding was quantified by the pictorial blood loss assessment score (PBAC). The degree of disturbance caused by menstrual bleeding on general well-being, work performance, physical activity and sexual activity was assessed using a visual analogue scale at screening. Initial evaluation was followed by reassessment at 6 months, and at 12 months or at discontinuation. Both groups were matched for age, duration of flow and uterine characteristics. In the LNG-IUS group, four patients discontinued treatment and, ultimately, treatment success was 77%. In the ER Group, all operations were uneventful. A significant reduction in the amount of blood loss monthly was achieved in 83% of the cases, and there was a significant improvement in the quality of life of the patients in both study groups. The difference between the two groups was not statistically significant (p=0.747). The placement of LNG-IUS has a dramatic effect in lowering bleeding intensity in menorrhagic patients, with the advantage of reversibility, and mild adverse events. It may be the firstline treatment in younger women with menorrhagia.
Introduction
Menorrhagia is a prevalent cause of ill health in women worldwide, with about one third of all women reporting heavy menstrual bleeding at some time in their lives. It is the presenting symptom among the majority of women who undergo hysterectomy, and recent data suggest that menorrhagia is becoming an increasingly common health problem [1] .
Cole et al. [2] suggested that excess menstruation should be considered to be present when more than 80 ml of blood is lost per cycle. However, the initial complaint of menorrhagia is a subjective one and most often originates from the woman's perceived menstrual loss. One study has shown that 40% of women with an objectively measured menstrual loss of more than 80 ml report that their periods are either light or moderate [3] . In a study in women with iron-deficiency anaemia due to menorrhagia, only 15% described their periods as heavy [4] . At the other end of the spectrum, it has also been reported that 26-38% of women complaining of heavy periods had objective menstrual losses of less than 80 ml per cycle [5] .
Twenty years ago 60% of patients with menorrhagia who were referred to a gynaecologist had a hysterectomy as treatment [6] . Endometrial ablation was first described in the UK in 1989 and has since become a viable surgical alternative to hysterectomy. The levonorgestrel intrauterine system (LNG-IUS; Mirena, Schering Health, Berlin, Germany) is highly effective in reducing menstrual bleeding and has been shown to reduce the numbers of patients ultimately undergoing surgical treatment in the form of a hysterectomy [6] .
The LNG-IUS, a steroid-releasing intrauterine system, is a T-shaped device that releases levonorgestrel directly into the uterine cavity at an initial rate of 20 μg per day. The contraceptive and therapeutic benefits of the LNG-IUS stem primarily from its local effects. The local hormone delivery results in high levonorgestrel levels in the endometrial tissue but low levels in the systemic circulation. This leads to strong endometrial suppression and, in many cases, a dramatic reduction in menstrual blood loss (MBL). Extensive international clinical research has documented the high contraceptive efficacy of this device [7] .
A Cochrane review has been published on the use of progestogen-releasing intrauterine systems for the treatment of menorrhagia. Based on comparisons of these systems against other treatments for menorrhagia, the authors report that the former are more effective than 21 days of oral progestagens for the treatment for menorrhagia. In general, women are more satisfied with IUS and are more likely to continue with this system than with medical treatments. They are, however more likely to suffer side effects with LNG-IUS than with other medical treatments [8] .
The objective to treating a patient with menorrhagia is to alleviate heavy menstrual flow and, consequently, to improve the quality of life. Iron-deficiency anaemia must also be prevented. The guidelines for the management of menorrhagia in secondary care published by the Royal College of Obstetricians and Gynecologists (RCOG) recommend bimanual examination and transvaginal sonography (TVS) followed by endometrial biopsy -after it has been shown that prior drug treat of menorrhagia has failed. If these recommendations are widely implemented, progestogen-releasing intrauterine devices (IUD) will become one of three options with second line drugs and surgical treatment. Endometrial ablation and hysterectomy are the other two surgical options [9] .
The aim of this randomized study was to compare the effect of endometrial resection (ER) as a surgical modality and the LNG-IUS as a hormonal modality for treating menorrhagia. Adverse events associated with both approaches are assessed.
Materials and methods

Patients
Patients enrolled into the study were recruited from premenopausal women who had spontaneous cycles and who were scheduled to undergo hysterectomy for treatment of excessive uterine bleeding with or without dysmenorrhoea. Failed attempts at conservative medical treatment were reported by 80% of the women questioned. The other patients entered the study directly without previous medication. Inclusion criteria included age between 40 and 50 years, a regular uterine cavity <10 cm in length as measured by ultrasound and no wish for further pregnancy.
Women were excluded from the study if they had one fibroid larger than 3 cm in diameter or more than three uterine fibroids as assessed by ultrasonography, a history or current clinical evidence or suspicion of malignancy or active liver disease, adnexal tumours or cysts or pelvic inflammatory disease within the previous 12 months.
Study design
The study was designed as an open, therapeutic, phase III randomized comparative study with an LNG-IUS group and an ER group, each consisting of 30 patients. The study was conducted in Kasr El-Aini Hospital, Cairo University (Egypt). An informed consent was obtained from each woman. The women were randomly allocated to the LNG-IUS or ER group using a randomization table. Concealment was secured by using sealed envelopes.
Evaluation
Uterine bleeding was quantified by the semiquantitative pictorial blood loss assessment score (PBAC), which was completed by all subjects over a screening period of 2 months prior to enrollment [10] . The score is recorded on a chart on which the patient registers the number of sanitary pads used each day, the degree of soiling on each pad, the number and size of clots passed and episodes of flooding. A monthly score of >100 on this chart is regarded as excessive bleeding.
The degree of disturbance caused by menstrual bleeding or pain, or both, on general well-being, work performance, physical activity and sexual activity was assessed using an EuroQol-visual analogue scale (EQ-VAS) at screening, at 6 months and at 12 months or at discontinuation. The EQ-VAS offers a simple method for obtaining self-rated scores of current health status. The VAS scale used is a vertical 20-cm scale, with endpoints of 100 ('best imaginable health state') at the top and 0 ('worst imaginable health state') at the bottom. The respondent was asked to rate her current health state on the EQ-VAS by drawing a line to the appropriate point on the EQ-VAS.
The evaluation of the uterus was evaluated by means of transvaginal ultrasound followed by hysteroscopy of the cavity to exclude intrauterine pathology. An endometrial biopsy was performed in all cases. No pretreatment to suppress the endometrium was given.
Treatment trial
The LNG-IUS (Mirena) was inserted into the uterine cavity following menstruation according to the insertion instructions. All endometrial resections were conducted under general anesthesia. The cervical canal was dilated to Hegar 11, and a Stortz rigid resectoscope (Stortz, Tuttlingen, Germany) equipped with a Hopkins 27005 B 30°optic (Stortz) was passed into the uterine cavity. Glycine (1.5%) was infused for irrigation. A mixed diathermal current of 120 W was routinely used for resection of the endometrium. For haemostasis, a coagulation current of 80 W was applied.
Follow-up and outcome measures
The patients were followed at the outpatient clinic with visits scheduled at 6 months and 12 months after the operation or the insertion of the IUD. The PBAC for the preceding months were collected at each follow-up visit. The patients had a gynaecological examination, and their weight and blood pressure was controlled. No additional treatment for menorrhagia was allowed during the study period.
The primary measure of efficacy was the woman's decision at 6 months or at discontinuation. If she chose to continue the current treatment she was asked again at 12 months. Treatment success was defined as a PBAC score of <75 at 12 months. Treatment failure was defined as a PBAC score of >75, removal of the intrauterine device in the LNG-IUS group or resurgery for any reason in the ER group. Any adverse event occurring after treatment was recorded whether local or generalized. In the ER group, only barrier methods were allowed for anti-contraception.
Statistical analysis
Continuous variables were expressed as the mean ± standard deviation (SD), median, minimum and maximum. Qualitative data were expressed as frequency and percentage. For the quantitative data, a comparison between the two groups was carried out using the Studentt-test or Mann-Whitney U-test, as appropriate. The chi-square test was used to compare qualitative data. The level of significance was set at p<0.05. We expected a success rate of 85% in the LNG-IUS group and 70% in the ER group. The sample size required at the 5% level, when the power is 90, was 30 per group.
Results
The demographic data and gynaecological histories of the 60 patients treated by either LNG-IUS or by ER revealed no differences in average age and uterine cavity depth. However there was a difference for parity (Table 1) .
LNG-IUS group
No complications occurred during the insertions of the IUDs. Dilatation of the cervix was needed in three cases.
Four patients discontinued treatment during the follow-up period: three because of irregular bleeding or spotting after insertion and one because of pain. Of the 26 patients still retaining the LNG-IUS after 12 months, 23 (88%) showed a significant reduction in monthly blood loss, as assessed with the PBAC (Table 1) , and treatment success was thus achieved in 77% of the original LNG-IUS cohort. The four patients who discontinued treatment subsequently underwent a successful endometrial resection. Seven patients reported one or more local adverse events: metrorrhagia (n=2), pelvic pain (n=3) and vaginal discharge (n=4). Ten patients reported generalized symptoms, including abdominal pain (n=5), breast tenderness (n=3), headache (n=2), acne (n=2) and mood changes (n=1).
ER group
All operations were uneventful. The mean operating time was 34.8 min. Nine patients reported one or more local pelvic adverse events: pelvic pain and local tenderness indicating inflammation (n=4), bleeding (n=5), vaginitis (n=2) and genital ulceration (n=1). One patient reported abdominal pain, and one patient had a repeat ER because of haematometra.
Of the 30 patients who underwent an endometrial resection, 25 (83%) showed a significant reduction of monthly blood loss 12 months after the operation, with the median monthly blood loss reduced from 385 to 45 mL.
Comparison of groups
There was no difference between the groups with regard to baseline variables, including the median PBAC score (Tables 1, 2 ).
Blood loss
Treatment success at 12 months was achieved in 23 (77%) of the 30 patients in the LNG-IUS group and in 25 (83%) of the patients in the ER group. The difference is not statistically significant (p=0.747). The bleeding pattern of the two groups is outlined in Table 3 and shown in Fig. 1 . The rate of amenorrhea was higher in the LNG-IUS group, but there was no statistically significant difference between the two groups (p=1.000). The median VAS score for each of the four items of the EQ-VAS score is shown in Table 4 . There was a significant improvement for all four items in the two study groups. Figure 2 shows the magnitude of improvement in the two groups for comparison purposes. A greater improvement was observed in the LNG-IUS patients for the items of general well-being and sexual activity, while the median scores for the items of improvement of work performance and physical activity were slightly higher in the ER group.
Discussion
The ideal approach to diagnosing menorrhagia should be readily available, inexpensive and able to measure actual blood loss. However, to date no such test exists. Attempts have been made to increase the accuracy of diagnosing menorrhagia using PBACs. Initial studies have demonstrated a sensitivity and specificity of >80% for a PBAC score of >100 [10] . Other reports have demonstrated that the same sensitivity and specificity can be achieved, but with a cut-off point of 185 [11] ; still more recently one study has reported that there is no correlation between the observed PBAC and actual measured blood loss [12] . The advantage of the PBAC is that it does provide semiobjective comparative information in the absence of a more valid and reliable test. In our study, we employed PBAC scores as the semi-quantitative means for assessing MBL in the study group.
We found a dramatic decrease in blood loss in the two groups of patients following treatment. In 1998, Kittelsen and Istre [13] performed a randomized study quite similar to the present study with the aim of identifying the effect of the two approaches -LNG-IUS and transcervical resection of the endometrium -for the treatment of menorrhagia. These researchers reported a significant drop in the PBAC score, which was used to assess bleeding intensity, in the two study groups. In addition, they concluded that an addition advantage of the LNG-IUS is that it is reversible and has no operative hazards or side-effects. Another similar study by Istre and Trolle [14] reported a treatment success rate of 67% in 30 patients treated with LNG-IUS and in 90% of 29 patients treated with transcervical resection at the 12-month follow-up.
Rauramo et al. [15] studied the long-term efficacy of the LNG-IUS and transcervical resection of the endometrium in the treatment of menorrhagia in an open, randomized 3-year trial. They concluded that both treatments efficiently reduced menstrual bleeding. Of the 30 women using the LNG-IUS, 19 completed the 3-year follow-up in comparison with 22 of 29 women who had undergone transcervical resection of the endometrium.
In the present study, the rate of amenorrhea in the LNG-IUS group was 53.8%, which was higher than that in the ER group (43.3%), but the difference is not statistically significant. Following transcervical endometrial resection, amenorrhoea rates of between 26 and 40% have been reported [16, 17] , with an 85% improvement in those continuing to menstruate.
In a Cochrane systematic review, Lethaby et al. [18] results of the treatment and more willing to continue with the treatment, but they also experience more side effects, such as intermenstrual bleeding and breast tenderness. The LNG-IUS resulted in a smaller mean reduction in MBL (as assessed by the PBAC chart) than endometrial ablation but there was no evidence of a difference in the rate of satisfaction with treatment.
The results found in the present study imply that the LNG-IUS may be applicable for treating 70-80% of patients scheduled for operative procedures. The result of this study has clearly demonstrated that both LNG-IUS and ER reduce menstrual blood loss. Although both methods seem to be equally effective in reducing MBL, ER is an invasive procedure requiring operative equipment and an operation theatre, while the placement of the LNG-IUS can be carried out in the outpatient department. This is in line with other studies that found that 64% of 28 women scheduled for hysterectomy due to bleeding problems could cancel their decision to undergo hysterectomy, compared with 14% in the control group [19] . Another aspect is the reversibility of the treatment and potential return of fertility associated with the LNG-IUS.
Menorrhagia has a detrimental impact on the quality of life and can adversely affect the physical and mental health of the sufferer. It is also associated with disruption to vocational, family and social life [20] . It is difficult for the clinician to assess the importance of the above disruptions to an individual patient and, therefore, to tailor the best treatment to her needs.
We found a significant improvement in the four items studied as indicators of the quality of life of the patients. These items include general well-being, work performance, physical activity and sexual activity. There was no significant difference between the two study groups with respect to the magnitude of improvement of the median VAS of these four items. What is apparent is that quality of life is improved after any treatment for menorrhagia, with this improvement being the least with medical interventions [21, 22] and the greatest with hysterectomy. Endometrial ablation offers a significant improvement in quality of life with either first-generation or second-generation techniques, although it will be less than that provided by a hysterectomy. The improvement in the quality of life from the use of a medicated IUD device lies between that achieved with medical and ablation treatments.
Adverse events were more frequently reported in the LNG-IUS group (n=14) than in the ER group (n=11). The difference is not statistically significant, and all of the reported effects were rather mild and not a reason for discontinuing the treatment in the LNG-IUS group.
To conclude, the LNG-IUS is a contraceptive that is able to substantially decrease bleeding intensity in menorrhagic patients. It is further characterized by reversibility and may be the first-line treatment in younger women with menorrhagia. In addition, the adverse events are mild and few Fig. 2 Change in the VAS score in the two study groups following treatment owing to its low systemic steroidal dose. Endometrial resection implies the use of operation facilities, is irreversible and often requires a new operation if the first treatment fails. Overall, the tolerability of both treatments is good.
